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Si-based ferroelectric-gate-field-effect-transistors (FeFETS) are one-transistor-type non-
volatile-memory devices working purely by ferroelectricity when the ferroelectrics are
SrBi,Ta; 04 (SBT) and (Ca,Sr)Bi,Ta,04(CSBT) regarded as bismuth-layered-perovskite
ferroelectric materials. The SBT-type materials, SBT and CSBT, show coercive field E. of 2 E.
= 60 kV/cm at an electric field Er swing corresponding to the ferroelectric-polarization Pr
amplitude 2 pC/cm? at most. Owing to the Pr - Er loops characteristic to the SBT and CSBT,
the SBT-type-FeFETs can be programmed-and-erased with the very small charge-and-
discharge area density of + 2 nC/cm? on the gates. The material nature provides the SBT-
type-FeFETs with benefits of 10°-cycles or higher endurances due to the working mechanism
purely by ferroelectricity without charge injection from Si and the trapping. Ultra-low power
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consumption of 0.12 fJ/bit in the FeFET program-and-erase operations would be guaranteed
by the + 2 pC/cm? operations even if a mature semiconductor process of 28 nm was applied
to the FeFET manufactures. Aiming for the ultra-low-power-consumption quality, a new
structure of the device was successfully developed in 2021 . It was an area-scalable
replacement-gate structure introduced to the SBT-type-FeFETs which used to have planer-
gate ones. The replacement-gate SBT-type-FeFETs showed advantages of the gate length L =
85 nm, 10°-cycles-high endurances and long stable retentions expected by the 10-years
extrapolated curves. Thanks to the grant by NSG foundation, we are investigating the other
candidate ferroelectrics of bismuth-layered-perovskite materials from the perspective of
lower crystallization temperatures than the SBT and CSBT. The next materials will ensure
further downsizing of the high-endurance Si-based FeFETs in the future. In this manuscript,
a newly developed theoretical model named EKAI is also introduced which is based on
physics of transient process of ferroelectric polarization switching in poly-crystalized
ferroelectric films. The validity of the model has been demonstrated by the precise
reproduction of the experimental dynamic response of the real SBT-type-FeFETs.
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PRIZHLER D> & R 2 dik LTS 5 (228 #, MOCVD, ALD & &) Z L ISERE LT
HAEL TR MM E Y . MER G- TZORMMED 2% %5, FeFET NED%
R AR BRI LCL MR RS BB - 2R o —#li G (2 2 Cldziie 35,)
WIERAF 5 TG SN A D, BB EARIARKEE - T 5 M SR T BE 2= [ il 7 1) X EVn R
Rom& &1 3BR%E BB MO NG 28l & OMEE 0 % H4 12H > THAf LT
Wb ZORFLREFEEIIMEHIEA TH 5. B 213 SBT TIIEFE B W& T
D a I E L5, c HHIZENZ LM ENT WD, EERIYIZ FeFET 7— ME T ® 0
DEHHNBANZONWTOFERZRLZ L S HRL, Pl LEREM L W HEE L C&
WL 7B E AR ORI O W TH NS %2 EBSD TS T4 & Th 5 121,

7. ¥&8

FEHOIT-> T 5D Bi @ik a 727 4 MNsiFEMA % H w7z Si 181Kk FeFET OB %
WZOWTHIEEDHESD & THIA L7z, FeFET 238 v 6E 2 5 B FHE Si Fi o IL
NOBMTEA - 2 P T X 2 B EOMyNI MR | Pr | < 2uC/cm? (M43 2 FVINELE
WONIH L THEVHBMTRER 2E. 2/R"T L9 MBI TH L. ZOMU/NMHETD
FiEIE 28nm AT B A CTEGEL /-2 LT 0.121] /bit DFE DA T X ZWHEICT 5o
FZT WAL D 7O ETHEE LIE TV —F =7 = 25 T LA A A Y br— MNCE
ZADIEVHENTH B, F7-5BITEFRMEMEZ KD SBT & Y i LiREE 29K 58
FHEAMEHNIEZ TT S BED D Do RIFFEBIEL % 1% T D9 O it FL C FeFET i
AT REVE 2 BUEMGEE T T 5o BT ORUE & LTl sfiE o W oW 2 BT 7L as
BAZE XM Si 38K FeFET ®/S)V A X E) 7 4 ¥ K7 EEIY BB O W TEERFED
EMERBBICRII L7722 & DALz

8. W #
L FHF7EHE T D % e OIS BAFZE R & L 97, AFsEo—iRid
AT 4 AR BERAR I FIEE N H AR AR 2Bl 2 o 288l 2 2 Tirb v E L7z,
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